The use of olivine sand as a molding material is limited in comparison with silica sand, and its characteristics are not sufficiently known. The previous papers by the authors described that the olivine sand mold prevented burning not only in the case of high manganese cast steel but also of low carbon cast steel. Metal-mold reactions between a high chromium steel and an austenitic stainless cast steel, and olivine and silica sand mold were investigated in the present work. Olivine sand mold exhibited a similar or better resistance to burning than silica sand mold with high chromium steel or austenitic stainless steel. Chromium and manganese in molten steels reacted with the surface of olivine sand and formed a smooth shell on the mold surface. The smooth shell had a high packed density of solid sand particles and prevented metal penetration. After cooling, therefore, castings were removed easily and showed no burning. But in the silica sand mold a similar smooth shell was formed only in a 25 % chromium steel and an austenitic stainless steel. The surface of quartz (silica sand) and olivine (dunite not serpentinized) reacted slightly with chromium and manganese in the molten high chromium steel. Neither chromium nor manganese was detected inside the quartz or the olivine which was confined in the smooth shell layer.
Introduction
Thermal expansion of olivine sand is lower than that of silica sand1'2) and shows no sudden change such as a 8 transformation in silica sand.1,3) Thus the casting defects such as buckles and rat tails are reduced.') Thermal conductivity of olivine sand up to 873 K is three times larger than that of silica sand and two times larger than that of zircon sand, but over 1 273 K, it is less than that of silica and zircon sands.4) The use of olivine sand as a molding material is limited in comparison with silica sand. Its characteristics are not well understood, except for its advantages for a mold of high manganese cast steel. There are discrepancies in the literatures; the olivine sand is concluded to be either suitable"5) or not suitable6) for a mold or plain carbon cast steel, or suitable for molds of stainless and high chromium cast steels and cast iron,"5,7> or not suitable for molds of special cast steels.° The effect on burning resistance of olivine sand mold for high manganese and plain carbon cast steels in laboratory experiments have been reported by the present authors8'9); the less burning was found in olivine sand mold than in silica sand mold not only for high manganese steel but also for low carbon steel. 8,9)
It is said that chromium in molten high chromium steel is oxidized preferentially and no burning takes place in silica sand mold.10> Evaluation of olivine sand mold for high chromium steel is not definite as mentioned above. It is necessary for more extensive use of olivine sand to make the mold characteristic clearer. So in the present work, metal-mold reactions at the interface of high chromium steel and austenitic stainless steel, with olivine or silica sand mold were investigated.
II. Experimental Procedure
Dry sand molds were made in the same way as in the previous paper.") The olivine sand was a little serpentinized and had about 6 % ignition loss.12,i3) The silica sand contained about 99% Si02.13) Composition of the high chromium steels is shown in Table 1 . The austenitic stainless steel used was a commercial JIS SUS 304 round bar of 12 mm in diameter. Metal specimens were processed to 12 mm in diameter and 12 mm in height (about 10 g) and melted in a 0.45 MHz high frequency induction furnace in the same way as in the previous paper.") Reaction times") between metals and molds were about 40 s and the temperatures of molten metals were not measured. In spite of the same reaction time of about 40 s, the depth of the continuous layer increased with the chromium content. Therefore, the depth of the continuous layer seems to be only affected with content of chromium in steels. Black areas on these photographs show holes formed. Characteristic X-ray images by EPMA in the rectangular area in Fig. 2 are shown in Fig. 4 . In general, as the average atomic number grows, the composition image (BE) becomes more whitish. Gray part in the composition image in Fig. 4 shows the original olivine sand and whitish part shows the reaction product between olivine sand and 12 % chromium steel. From the composition image, it is shown that the major part of the continuous layer is consisted of solid olivine particles, and the layer has a very high packed density of solid olivine particles, as will be mentioned later.
Iron, magnesium and silicon were detected almost uniformly in the non-reacted olivine particles, but chromium and manganese were also detected in the reaction product. Chromium intensity and its detected area increased with the chromium content in the molten steel. Manganese content in the molten steel was less than 1.0 % and much less than chromium content, but manganese was detected distinctly where chromium was detected. Quantitative analyses were not performed in the present work.
The area of the composition image marked by arrow in Fig. 4 is enlarged in Fig. 5 . The reaction product, which is observed uniformly in low magnification in Fig. 4 , shows the non-uniform distribution of chromium and manganese in the enlarged images in Fig. 5 . Therefore, the continuous layers in Figs. 1 to 3 were not formed uniformly but composed of a fine mixture of softened and fused reaction product and solid olivine particles.
The surface of olivine* reacted slightly with man- A section of the olivine sand mold reacted with SUS 304 is shown in Fig. 6 . In this case, no burning took place and the mold was separated easily from the metal after cooling. A continuous layer of 1 N 2 mm in thickness, a little thicker than that of the high chromium steel, was formed at the interface.
Composition image by EPMA in the rectangular area in Fig. 6 is shown in Fig. 7 . The surface area of the continuous layer appeared specially whitish and contained much reaction product. In this case, the continuous layer was not formed by complete fusion of the olivine sand but was formed by fusion of serpentine in the olivine sand and by the partial fusion of the surface of olivine having a high packed density of solid olivine particles. Characteristic X-ray images by EPMA in Fig. 8 show a slight nickel, high chromium and manganese contents in the reaction product. Austenitic stainless cast steels showed also the same effect against burning as high chromium cast steel, without regard to the nickel content.
Metal-Mold Reaction between High Chromium Steel
and Silica Sand Sections of silica sand molds reacted with 12 and 25 % chromium steels are shown in Figs. 9 and 10. As in the case of the olivine sand mold, these molds were reacted for about 40 s,8,11) but they were easy to collapse after cooling and had to be taken out with the most care. Continuous layer was formed only in the case of 25 % chromium steel and not formed in the cases of 12 and 7 % chromium steel. The silica sand mold reacted with 7 % chromium steel was collapsed during the separation, and some sands remained on the metal surface.
In the cases of 12 and 25 % chromium steel, adhesion of silica sand on metal surface was not observed. Scales of about 0.1 mm thick and 2-.3 mm large were scattered at the metal-mold interface, but the continuous layer was not formed in the case of 12 % chromium steel in Fig. 9 . Characteristic X- (208) Transactions ISIJ, Vol. 27, 1987 ray images of the interface of 7 % chromium steel is shown in Fig. 11 . White section in the upper part of the low magnification composition image shows metal, gray particles show silica sand grains, and grayish white parts at the metal-mold interface and at the connecting part of silica sand grains show a reaction product. In Fig. 11 , some sand grains were connected with the reaction product and some sand grains were surrounded by the metal. Chromium, manganese and a small amount of iron were detected besides silicon in the reaction product, which was formed mainly by the reaction between silica sand and, chromium and manganese in 7 % chromium steel. Characteristic X-ray images by EPMA in the rectangular area in Figs. 9 and 10 are shown in Figs. 12 and 13. The reacted mold with 12 % chromium steel had some agglomerated sand grains as the reaction product, but the packed density of silica sand did not increase. In the case of 25 % chromium steel, a continuous layer was formed between solid silica sand and reaction product, and attained a higher packed density of silica sand than the substrata.
As the chromium content in steel increased, the reaction product and the detected intensity of chromium and manganese increased. Consequently, the continuous layer was formed only in the case of 25 % chromium steel. It was suggested from the present work that the olivine sand mold was superior to the silica sand mold for use to the chromium steel which contains up to 12 % chromium. For large casting, however, the reaction time becomes longer and the volatilization of chromium and manganese and the reaction product will also increase, and so the burning, which was seen in silica sand mold for 7 % chromium steel of the present work, may be reduced. is shown in Fig. 14. There was no burning in this case and the metal was separated easily from mold after cooling. The reacted mold tended to collapse easily as in the case of high chromium steel and needs the greatest care for removal. The continuous layer formed at the metal-mold interface was thinner than that of the olivine sand mold. Characteristic X-ray images in the area in Fig. 14 as a rectangle are shown in Fig. 15 . From the low magnification composition image, it is seen that the continuous layer was formed by silica sand grains connecting with reaction product.
The packed density became much higher than the substrata and the burning was prevented. In the reaction product in Fig. 15 , chromium and manganese, with a small amount of nickel and iron were detected besides silicon as in Fig. 8 .
IV. Conclusions
Olivine sand showed a similar or better resistance against burning in comparison with silica sand for molds of a high chromium steel and austenitic stainless 
Transactions ISIJ, Vol. 27, 1987 steels in the experiments of 10 g molten metal. Serpentine and the surface of olivine and silica sand reacted with chromium and manganese in a molten high chromium steel or molten stainless steels, and fused or softened. A continuous layers with a highly packed particles were formed at the metal-mold interface. The continuous layers prevented penetration of metal and were separated easily from the solidified metal after cooling, and so the burning was prevented. Olivine in olivine sand was not likely to react with chromium and manganese in these molten metals, and they were not detected inside the olivine. Silica sand reacted with manganese in molten high manganese steel easily, but it was not likely to react with chromium in molten high chromium steel. The preventing effect against the burning was obtained as in the case of the olivine sand mold.
Generally, olivine sand is made up of forsterite which is sometimes serpentinized. As mentioned above, the olivine sand was slightly serpentinized and had an ignition loss of approximately 6 %, but serpentine changes entirely into olivine at about 1 073 K.'2"3) So the metal-mold reaction is considered to proceed between metal and olivine, and the results of the present investigation will also be ied for other olivine sands in principle.
